Background: Most patients hospitalized at intensive care units have a continuous infusion catheter in place for receiving drugs and solutions; nonetheless, blood sampling in these units is still performed through an invasive and painful venipuncture. However, it is possible to take blood from a peripheral venous catheter to obtain accurate laboratory test results and alleviate the suffering of patients. Objectives: The aim of this study was to compare hematology, chemistry, and blood gas values sampled from venipuncture and continuous infusion intravenous catheter. Methods: In this cross-sectional comparative study, a convenient sample of 61 adult patients was drawn according to the inclusion and exclusion criteria, from the intensive care unit. Two blood samples, one from a continuous infusion catheter, which was already in place and one from venipuncture at the other extremity, were obtained from each patient. The two sets of samples were compared in terms of hematology, biochemistry and blood gas values by using the paired-samples t-test. Results: The two sets of samples differed significantly in terms of blood sugar values. Other differences between the two sets were not statistically significant. Conclusions: Except for blood sugar, blood sampling from a continuous 24-hour infusion catheter produces reliable hematology, biochemistry and blood gas results as that of venipuncture blood sampling method. Moreover, compared with the routine venipuncture method, sampling from a continuous infusion catheter is simpler, easier and safer.
Background
Rapid patient assessment significantly contributes to positive patient outcomes. Accordingly, agility and precision are the essential prerequisites for patient assessment and care in hospital wards, particularly in intensive care units. One of the key aspects of patient assessment is laboratory evaluations, such as complete blood count and electrolyte analysis (1) (2) (3) .
Laboratory analysis of blood necessitates performing venipuncture, which is a painful and invasive procedure with different complications (4, 5) .
Venipuncture and blood sampling in patients with fragile veins are particularly difficult and time-consuming and may result in clot formation and unreliable laboratory findings (2) . Beside acute pain, venipuncture may also be associated with other complications such as bruising, hematoma, infection; vasovagal reaction and even peripheral nerve damage (6) (7) (8) (9) . Consequently, studies have been conducted to develop and employ less-invasive sampling procedures for minimizing such complications (10) (11) (12) . For instance, some studies focused on sampling from peripheral intermittent infusion catheter or saline lock system (2, 11) , while others dealt with sampling from continuous intravenous infusion catheter or central venous line (1, 12) . Nonetheless, pain is still a common sampling-related problem in clinical settings (1, 4, (10) (11) (12) . This study was conducted to provide further evidence in this area. Most of the previous studies reported that the saline lock and venipuncture blood sampling techniques did not significantly differ from each other regarding cellular, biochemistry and coagulation parameters (13) (14) (15) . However, the findings of differences in different sampling methods regardCopyright © 2016, Baqiyatallah University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited.
ing blood sugar levels and venous blood gases are conflicting (2, 11, 16) . For instance, Herr et al. (16) found that serum level of bicarbonate sampled through the venipuncture method differed significantly from that of the intermittent infusion catheter (16) . Hambleton et al. (11) also found a significant difference between saline lock and venipuncture sampling techniques in terms of serum levels of creatinine, potassium, calcium, albumin, coagulation tests and blood gas analysis.
To the best of our knowledge, a few studies have so far compared blood values sampled from a continuous infusion intravenous catheter (CIC) with those from a simultaneous venipuncture at the other extremity. Berger Achituvet al. (12), Himberger and Himberger (1), found that except for blood sugar level, the differences between these two techniques regarding cellular and biochemistry parameters were not statistically significant. The key step to developing the safest and most reliable blood sampling technique is to resolve the current controversies.
Objectives
The aim of this study was to compare blood values sampled from venipuncture and continuous infusion intravenous catheter (CIC).
Methods
This cross-sectional study was conducted from September 2013 to January 2014. The study population and sample consisted of respectively patients, who were hospitalized at the intensive care unit. With a confidence interval of 95%, a power of 80% and consideration of blood sodium level, the following sample size calculation formula showed that 61 pairs of samples were needed for the study. It should be noted that the sample size was calculated separately for all the variables and the maximum sample size was calculated based on the amount of sodium, therefore this variable was used as a benchmark to determine the sample size.
(1)
Consequently, a convenience sample of 61 patients was drawn. The inclusion criteria were being completely conscious, having an age of 18 years or older, having an 18-guage or larger CIC in place in only one extremity, receiving continuous fluid and drug infusion from the catheter, having normal vital sign readings, having no sign or symptom of phlebitis, having no history of diabetes mellitus and hematologic disorder, and receiving neither isotonic or hypertonic dextrose-containing solutions nor total parenteral nutrition. Patients whose CIC could not be aspirated were excluded.
Initially, patients' demographic characteristics and underlying diseases, the size of their CIC, as well as the infused solutions and medications were documented in a data sheet. The validity of the sheet was evaluated and confirmed by a panel of nursing faculty members. Two blood samples were obtained from each patient, one from the CIC and one from performing a venipuncture at the other corresponding extremity. Laboratory blood tests including pH, Hemoglobin (Hb), Hematocrit (Hct), and the levels of lactate, bicarbonate (HCO 3 ), ionized Calcium (Ca), Sodium (Na), Potassium (K), pressure of venous Oxygen (PvO 2 ), Carbon Dioxide (PvCO 2 ), were performed on each pair of samples. Then, the laboratory findings of the two sets of samples were compared.
Sampling procedures were performed as follows. For obtaining a sample from the CIC, we initially blocked the flow of the infusing solution for 30 seconds. Then, a tourniquet was applied for 30 seconds at 15 -20 centimeters proximal to the insertion site to prevent the vein from being collapsed. Thereafter, 2 mL of blood was drawn and discarded. The discarded volume of blood was two times more than the dead space of the catheter (0.2 mL) and the infusion set (0.8 mL) (17) (18) (19) . Finally, 0.5 mL of blood was drawn using a heparinized syringe. The syringe was placed in a cold box and sent to the laboratory. On the other hand, for obtaining a sample through venipuncture, we identified the site of puncture at the other extremity and applied a tourniquet at 15 -20 centimeters proximal to the insertion site for 30 seconds (19, 20) . Then, a venipuncture was performed and 0.5 mL of blood was sampled by using a heparinized syringe (21) . The syringe was immediately placed in a cold box and sent for laboratory analyses. All laboratory analyses were performed in the same laboratory using a similar GEM Premier 300 analyzer. The GEM Premier 300 is an electrode-based intensive care blood analyzer, which is used for rapid laboratory analysis.
The SPSS software (v. 16.0) was used for analyzing the data. Descriptive statistics measures such as mean, standard deviation, as well as absolute and relative frequencies were used for summarizing the data. Moreover, the normality of the study variables was evaluated by conducting the Kolmogorov-Smirnov test. In this regard the sampling was done in a group, and different extremities, paired t-test was used. The paired-samples t and the Wilcoxon signed rank tests were also performed for comparing the groups regarding blood values. The level of significance was set at below 0.05.
This study was conducted after obtaining formal written approval from the ethics committee and the institutional review board. After informing the participants about the aim of the study and the confidentiality of their personal information, we invited them to read and sign the consent form of the study. The study intervention did not inflict physical, emotional, or mental harm to the participants.
Results
Sixty-one critical care patients participated in this study. Table 1 shows participants' characteristics. In total, 122 blood samples were obtained and analyzed. All samples were obtained from upper extremities. Moreover, all of our sampling attempts were successful. Table 2 shows the characteristics of peripheral venous catheters and the infused solutions and medications. The results of the pairedsamples t and the Wilcoxon signed rank tests showed that besides blood sugar (P = 0.01), the two sets of samples did not differ significantly in terms of hematology, biochemistry and blood gas values (P > 0.05; Table 3 ). 
Discussion
The study findings revealed that the two sets of samples did not differ significantly regarding Hct and Hb. Himberger and Himberger (1), Berger-Achituv et al. (12) and Hambleton (11), also reported the same findings. Corbo et al. (2) also found that samples obtained from venipuncture and saline lock did not differ significantly in terms of Hct and Hb. These findings confirm that sampling from CIC produces reliable Hct and Hb results.
We also found that there were no significant differences between the two sets of samples regarding Na and K. This finding is consistent with the findings of studies conducted by Himberger and Himberger, (1) Rezaei et al. (14) , Berger-Achituv et al. (12) and Hambleton et al. (11) . Moreover, the two sets of samples did not differ significantly regarding ionized Ca. This finding contradicts the findings of a study conducted by Hambleton et al. (11) ; this contradiction can be attributed to the fact that our study was conducted on ionized calcium obtained from venipunc- The study findings also showed that the level of blood sugar sampled from CIC was significantly higher than that of the venipuncture method. Previous studies reported conflicting findings about the differences between different sampling methods regarding blood sugar. For instance, while Berger-Achituv et al. (12) found a significant difference between these two sampling methods regarding blood sugar, Hambleton et al. (11) and Zand et al. (13) reported that the difference between the two sets of samples regarding blood sugar was not statistically significant.
Finally, we found that the differences between the two sets of samples regarding blood levels of pH, PvO 2 , PvCO 2 , HCO 3 and lactate were not statistically significant. Previous studies reported conflicting findings about the differences between different sampling methods regarding blood gas analysis. For instance, Hambleton et al. (11) reported that samples obtained from venipuncture and standard sampling for blood gas analysis were not significantly correlated regarding pH, PvCO 2 and PvO 2 . Moreover, Herr et al. (16) and Corbo et al. (2) found that samples obtained from infusion catheter and venipuncture significantly differed regarding PvCO 2 and HCO 3 . They attributed these conflicting findings to gas exchanges between test tubes and atmospheric air. To prevent gas exchange and other chemical changes, we used heparinized syringes for blood sampling and immediately transferred sample-filled syringes to the laboratory by using a cold box. It is noteworthy that none of the previous studies had dealt with comparing different sampling methods regarding lactate.
The study findings indicate that except for blood sugar, blood sampling from a CIC produces as reliable hematology and biochemistry results as the venipuncture sampling method. Moreover, compared with the venipuncture method, sampling from a CIC is simpler, easier, and safer. Accordingly, CIC route can be used for rapid blood sampling in intensive care units.
The CIC sampling technique is a credible alternative to conventional sampling through venipuncture. Given the numerous complications of the venipuncture technique, the CIC technique can be used for obtaining blood samples without inflicting pain and discomfort to patients. Moreover, the CIC technique is associated with lower risk of needle stick injury for nurses and other healthcare professionals. However, given the scarcity of studies, further studies are still needed for providing adequate evidence regarding the usefulness and harmlessness of the CIC sampling technique.
